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Abstract 

There is a debate regarding the choice of operative intervention in humeral shaft fractures that require surgical intervention. 
The choices for operative interventions include intramedullary nailing (IMN) and dynamic compression plate (DCP). This 
meta-analysis was performed to compare fracture union, functional outcomes, and complication rates in patients treated 
with IMN or DCP for humeral shaft fractures and to develop GRADE (Grading of Recommendations, Assessment, 
Development, and Evaluation)-based recommendations for using the procedures to treat humeral shaft fractures. A 
systematic search of all the studies published through December 2012 was conducted using the Medline, Embase, 
Sciencedirect, OVID and Cochrane Central databases. The randomized controlled trials (RCTs) and quasi-RCTs that compared 
IMN with DCP in treating adult patients with humeral shaft fractures and provided data regarding the safety and clinical 
effects were identified. The demographic characteristics, adverse events and clinical outcomes were manually extracted 
from all of the selected studies. Ten studies that included a total of 448 patients met the inclusion criteria. The results of a 
meta-analysis indicated that both IMN and DCP can achieve similar fracture union with a similar incidence of radial nerve 
injury and infection. IMN was associated with an increased risk of shoulder impingement, more restriction of shoulder 
movement, an increased risk of intraoperative fracture comminution, a higher incidence of implant failure, and an increased 
risk of re-operation. The overall GRADE system evidence quality was very low, which reduces our confidence in the 
recommendations of this system. DCP may be superior to IMN in the treatment of humeral shaft fractures. Because of the 
low quality evidence currently available, high-quality RCTs are required. 

Citation: Ma J, Xing D, Ma X, Gao F, Wei Q, et al. (2013) Intramedullary Nail versus Dynamic Compression Plate Fixation in Treating Humeral Shaft Fractures: 
Grading the Evidence through a Meta-Analysis. PLoS ONE 8(12): e82075. doi:10.1371/journal.pone.0082075 

Editor: Helge Bruns, University Hospital Heidelberg, Germany 

Received June 14, 2013; Accepted October 29, 2013; Published December 16, 2013 

Copyright: © 2013 Ma et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Funding: This study was supported by the National Natural Science Foundation of China (grant number 81 102607), the National Natural Science Foundation of 
Tianjin (043111411, 993607711), the Scientific and Technological Project of Tianjin Public Security Bureau (number 201 3KYSGAY033), the Key Technologies & 
Program of Tianjin (numbers 1 1ZCGYSY01800, 13JCZDJC31800) and the Scientific and Technological Project of Tianjin Public Health Bureau (numbers 11KG 137, 
12KG 120). The funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. 

Competing Interests: The authors have declared that no competing interests exist. 

* E-mail: tjmuld@gmail.com (XLM); gaofeng@tju.edu.cn (FG) 

O These authors contributed equally to this work. 



Surgical treatment is generally indicated in patients in whom 
there is a failure to maintain stable alignment and reduction at the 
fracture site and in the patients with severe segmental fractures, 
open fractures, or fractures associated with bilateral fractures, 
forearm fractures on the same side, poly-trauma, progressive 
neurological deficits, vascular injury or floating shoulder or elbow 
[6,7]. The options for the commonly used surgical treatment of 
humeral shaft fractures include intramedullary nailing (IMN) and 
dynamic compression plate (DCP), which offer good clinical 
outcomes. At present, both of these surgical approaches are used 
to treat humeral shaft fractures. Both techniques have certain 
mechanical and anatomical advantages and disadvantages. Plating 
with stable fixation and direct visualization, which is known to 
provide an accurate anatomic reduction and protection of the 
radial nerve, can reduce the risk of malunion but requires wide 
intraoperative exposure associated with soft-tissue stripping. 
Continuous innovation in the design of IMN has ensured the 



Introduction 

Fractures of the humeral shaft are commonly encountered in 
orthopedic clinics, and these fractures make up 1.31 to 3% of all 
fractures [1]. The treatment approaches for these injuries continue 
to evolve as advances are made in both non-operative and 
operative management [2]. The humeral shaft is covered with 
muscles and is well-vascularized. A slight malunion is functionally 
tolerated. It is generally agreed that the majority of humeral shaft 
fractures are best treated non-operatively, but there are indications 
for primary or secondary operative treatment in some situa- 
tions [3-5]. Non-operative or conservative treatment may involve 
the use of casts or functional braces. In cases associated with severe 
complications, an operative intervention is preferred. The 
encouraging outcomes that have been demonstrated with recent 
advances in internal fixation techniques and instrumentation have 
led to an expansion of surgical indications for humeral shaft 
fractures and new debates regarding the procedure of choice. 
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Table 1. Inclusion/exclusion criteria. 




Inclusion criteria 


Exclusion criteria 


Randomized control trials (RCTs) 


Case reports 


Quasi-randomized control trials (qRCTs) 


Cadaver or model studies 


Age 18 years or older 


Biomechanical studies 


Humeral shaft fractures 


Fractures within the proximal and distal end of the humerus 


Comparing DCP and IMN 


Pathological fractures/metastatic malignant disease 


Shoulder degenerative disease or ipsilateral shoulder injury 


Refractures of the humerus 


IMN: intramedullary nail; DCP: dynamic compression plate. 
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clinical application of intramedullary fixation in treating humeral 
shaft fractures. Several studies recommended IMN as a standard 
surgical method through antegrade or retrograde nailing [8-10]. 
IMN has the advantage of closed insertion techniques, intact 
periosteal blood supply, and load-sharing mechanical properties. 
The IMN can reduce the effects of stress shielding at the fracture 
site and lower the incidence of refracture after implant removal. 
One primary complication of antegrade IMN is rotator cuff 



impairment, which might lead to shoulder impingement and the 
restriction of shoulder motion. Iatrogenic comminution of the 
fracture site during retrograde reaming and iatrogenic damage of 
the radial nerve during ante grade nailing are common 
complications during the operation. 

Several randomized controlled trials (RCTs) or quasi-RGTs 
have been conducted to compare IMN with DCP in treating 
humeral shaft fractures. There is controversy over which of the 
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Figure 1. The study selection and inclusion process. 
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Figure 2. Methodological quality of the included studies. This 
risk of bias tool incorporates the assessment of randomization 
(sequence generation and allocation concealment), blinding (partici- 
pants, personnel and outcome assessors), completeness of the 
outcome data, selection of the outcomes reported and other sources 
of bias. The items were scored with 'yes', 'no', 'unsure'. 
doi:10.1371/journal.pone.0082075.g002 



two procedures leads to superior results and better clinical 
outcomes. There is no consensus as to whether IMN or DCP is 
the optimal treatment. The purpose of this meta-analysis is to 
evaluate the evidence from the RCT and quasi-RCT studies that 
compared the safety and efficacy of IMN and DCP for treating 
patients with humeral shaft fractures and to develop GRADE 
(Grading of Recommendations, Assessment, Development, and 
Evaluation)-based recommendations for using the procedures to 
treat humeral shaft fractures [11,12]. 

Materials and Methods 

Search strategy and eligibility criteria 

To assemble all of the relevant published studies, PRISMA 
compliant searches of MEDLINE, EMBASE, ScienceDirect, 
OVID, the Cochrane CENTRAL databases and Google scholar 
were performed for all the peer-reviewed studies published 
through February 2013 that compared KP to VP for treating 
OVCF. The following search terms were used to maximize the 
search specificity and sensitivity: humeral fractures, fracture 
fixation, intramedullary nails, and bone plates. Broad MeSH 
terms and Boolean operators were selected for each database 
search. Secondary investigations into the unpublished literature 
were performed by searching the WHO International Clinical 
Trials Registry database, Current Controlled Trials, European 
Federation of National Associations of Orthopaedics and Trau- 
matology and British Orthopaedic Association Annual Congress, 
and the ISTP database. 

The complete articles found by the above search methodology 
were retrieved and assessed for the inclusion/exclusion criteria 
outlined in Table 1 . The references from relevant articles were also 
reviewed. We made no restrictions on the publication language. 

Study selection 

Two reviewers (MJX and XD) independently screened the titles 
and abstracts for the eligibility criteria. The full text of the studies 
that potentially met the inclusion criteria were read, and the 
literature was reviewed to determine the final inclusion. We 
resolved disagreements by reaching a consensus through discus- 
sion. 

Date extraction 

Two of the authors (MJX and XD) independently extracted the 
data from each full-text report using a standard data extraction 
form. The data extracted from studies included the title, authors, 



Random sequence generation (selection bias) 
Allocation concealment (selection bias) 
Blinding of participants and personnel (performance bias) 
Blinding of outcome assessment (detection bias) 
Incomplete outcome data (attrition bias) 
Selective reporting (reporting bias) 
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Figure 3. Risk of bias. Each risk of bias item is presented as the percentage across all the included studies, which indicates the proportion of 

different levels of risk of bias for each item. 

doi:10.1371/journal.pone.0082075.g003 
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year of publication, study design, sample size, population, age, 
gender, type of interventions, surgical procedures, duration of 
follow-up, and outcome parameters. The corresponding authors of 
the included studies were contacted to obtain any required 
information that was missing. The extracted data were verified by 
MXL. 
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Outcomes 

The clinical outcomes included: fracture union, iatrogenic 
radial nerve injury, intraoperative fracture comminution, infec- 
tion, shoulder impingement, restriction of shoulder range of 
movement, implant failure, American Shoulder and Elbow 
Surgeons (ASES) score. 

Assessment of methodological quality 

According to Cochrane Handbook for Systematic Reviews of 
Interventions 5.0, the risk of bias of the included studies was 
assessed by two authors (MJX and XD) independently. Disagree- 
ments were resolved by discussion. A third author (MXL) was the 
adjudicator when no consensus was achieved. We applied the 
"assessing the risk of bias" table, which include the following key 
domains: adequate sequence generation, allocation of conceal- 
ment, blinding, incomplete outcome data, free of selective 
reporting and free of other bias. 
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Data analysis 

We performed all of the meta-analyses with the Review 
Manager software (RevMan Version 5.1; The Nordic Cochrane 
Center, The Cochrane Collaboration, Copenhagen, Denmark). 
For continuous outcomes, such as the ASES score, the means and 
standard deviations were pooled to a weighted mean difference 
(WMD) and a 95% confidence interval (CI). The risk ratios (RRs) 
and 95% confidence intervals (CIs) were used to evaluate the 
dichotomous outcomes, such as the incidence of bone cement 
leakage or adjacent fractures. The inverse variance and 
Mantel-Haenszel techniques were used to combine the separate 
statistics. A P-value <0.05 was considered statistically significant. 
The statistical heterogeneity was assessed using Q statistics. A 
fixed-effects (inverse variance) model was used when the effects 
were assumed to be homogenous (P>0.05). P<0.05 implied 
statistical heterogeneity, and a random effects model was used in 
those circumstances. 

Publication bias was assessed visually using a funnel plot and 
statistically using Begg funnel plots and Egger's bias test using 
STATA 12.0 software (Statacorp, college station, Tex), which 
measures the degree of funnel plot asymmetry [13,14]. The Begg 
adjusted rank correlation test was used to assess the correlation 
between the test accuracy estimates and their variances. The 
deviation of Spearman's rho values from zero provides an estimate 
of the funnel plot asymmetry. Positive values indicate a trend 
towards higher levels of test accuracy in studies with smaller 
sample sizes. Egger's bias test detects funnel plot asymmetry by 
determining whether the intercept deviates significantly from zero 
in a regression of the standardized effect estimates against their 
precision values. 

Evidence synthesis 

The evidence grade was determined using the guidelines of the 
GRADE (Grading of Recommendations, Assessment, Develop- 
ment, and Evaluation) working group [12]. The GRADE system 
uses a sequential assessment of the evidence quality followed by an 
assessment of the risk-benefit balance and a subsequent judgment 
on the strength of the recommendations. The evidence grades are 
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IMN 



DCP 



Risk Ratio 



Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI 



Risk Ratio 
M-H. Fixed. 95% CI 



Benegas 2007 


11 


11 


14 


14 


6.3% 


1.00 [0.86, 1.16] 


Bolano 1995 


10 


12 


13 


13 


6.4% 


0.84 [0.63, 1.11] 


Changulani 2007 


1 8 


21 


21 


24 


9.6% 


0.98 [0.78, 1 .23] 


Chapman 2000 


36 


33 


43 


46 


19.1% 


1.01 [0.91, 1.13] 


Kesernenli 2003 


29 


33 


26 


27 


14.0% 


0.91 [0.79, 1.06] 


Li 2011 


20 


22 


21 


23 


10.1% 


1.00 [0.83, 1.20] 


McCormack2000 


17 


19 


21 


22 


9.6% 


0.94 [0.78, 1.12] 


Putti 2009 


16 


16 


17 


18 


8.1% 


1.05 [0.90, 1.23] 


Raghavendra 2007 


18 


13 


17 


18 


8.6% 


1.06 [0.91, 1.23] 


Singisetti 2010 


14 


25 


15 


20 


8.2% 


0.75 [0.49, 1.15] 


Total (95% CI) 




215 




225 


100.0% 


0.96 [0.90, 1.02] 


Total events 


189 




208 








Heterogeneity: Chi 3 = 


7.12, df= 


9 (P = 0.63); l 3 = 


0% 






Test for overall effect: Z = 1 .31 (P = 0.19) 











0.5 0.7 1 1.5 2 

Favours DCP Favours IMN 



Figure 4. Forest plot for the risk ratio (RR) estimate for fracture union. RR= -0.96 (95% CI, 0.90-1.02). 
doi:1 0.1 371 /journal. pone.0082075.g004 



divided into the following categories: (1) high, which indicates that 
further research is unlikely to alter confidence in the effect 
estimate; (2) moderate, which indicates that further research is 
likely to significantly alter confidence in the effect estimate and 
may change the estimate; (3) low, which indicates that further 
research is likely to significantly alter confidence in the effect 
estimate and to change the estimate; and (4) very low, which 
indicates that any effect estimate is uncertain. Study limita- 
tions [15], results inconsistency [16], indirectness [17], impreci- 
sion [18] and publication bias [19] may lower the grade of the 
quality of evidence. The reasons for increasing the quality of 
evidence include a large effect, presentation of a dose-response 
gradient and plausible confounders that would decrease an 
apparent treatment effect [20]. As recommended by the GRADE 
working group, the lowest evidence quality for any of the outcomes 
was used to rate the overall evidence quality. The evidence quality 
was graded using the GRADEpro Version 3.6 software. The 
strengths of the recommendations were based on the quality of the 
evidence. 

Results 

Search results 

A total of 3 1 9 titles and abstracts were preliminarily reviewed, 
and 10 studies eventually satisfied the eligibility criteria (Fig. 1). 
These studies included 8 RCTs[8,21-27] and 2 quasi-RCTs 
[28,29]. One of the 10 studies was published only in abstract form 
[27]. All of the included studies compared IMN and DCP in the 
treatment of humeral shaft fractures. 



Quality assessment 

Among the 10 included studies, the methods of randomization 
of 8 RCTs[8,21-27] were not clear. The patients of the 2 quasi- 
RCTs [28,29] were randomly allocated by odd and even hospital 
numbers. Three studies used sealed envelopes for allocation 
concealment. None of the included studies reported blinding to the 
surgeons, participants or assessors. None of the included studies 
reported whether or not they received grants in support of their 
research. None of the studies mentioned whether an "intention-to- 
treat" analysis was performed. All the included studies had a high 
risk of bias. The methodological quality of the included studies is 
presented in Fig. 2. Judgments regarding each risk of bias item are 
presented as percentages across all the included studies in Fig. 3. 

Demographic characteristics 

The demographic characteristics of the studies included are 
summarized in Table 2. In total, 8 RCTs and 2 quasi-RCTs with 
448 total patients were eligible for inclusion. The individual 
sample sizes ranged from 25 to 84 patients. A total of 224 patients 
underwent IMN, and the other 224 patients received a DCP. The 
one study [2 7] published in only abstract form did not state the 
genders and ages of the patients. All the patients were skeletally 
mature in the other nine studies. The percentage of males ranged 
from 48.8% [23] to 94.1% [21] in the nine studies. There were 2 
studies performed in the USA, 2 in India, 2 in the UK, and 1 each 
in China, Turkish, Canada, and Brazil. All of the included studies 
had defined eligibility criteria. The indications for surgery was 
different among the studies, including both open and closed 
fractures and primary surgical treatment as well as the early failure 



Study or Subgroup 



IMN DCP Mean Difference 

Mean SD Total Mean SD Total Weight RA Fixed. 95% CI 



Mean Difference 
IV, Fixed, 95% CI 



Li 2011 93.6 6.4 

McCormack2000 46.11 7.33 
Putti 2009 45.2 5 



22 
19 
16 

57 



96.9 
48.76 
45.1 



5.5 
5.1 
5 



23 
22 
18 



34.9% 
27.6% 
37.5% 



-3.30 [-6.79, 0.19] 
-2.65[-6.57,1.27] 
0.10 [-3.27, 3.47] 



Total (95% CI) 

Heterogeneity: Chi== 2.1 1 , df = 2 (P = 0.35); l== 5% 
Test for overall effect: Z= 1.75 (P= 0.08) 



63 100.0% -1.84[-3.91,0.22] 



H h 



Figure 5. Forest plot for the weighted mean difference (WMD) estimate for ASES score. WMD = 

doi:1 0.1 371 /journal, pone.0082075.g005 
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= -1.84 (95% CI, -3.91-0.22). 
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IMN 

Studv or Subgroup Events 


DCP 
Total Events 


Total 


Weiuht 


Risk Ratio 
M-H. Fixed. 95% CI 


Benegas 2007 


0 


11 


0 


14 




Not estimable 


Bolano 1995 


1 


12 


2 


13 


11.5% 


0.54 [0.06, 5.24] 


nhannulani ?rifl7 


n 


21 


1 


24 


8.4% 


0.38 [0.02, 8.83] 


Chapman 2000 


2 


33 


1 


46 


5.4% 


2.42 [0.23, 25.68] 


Kesemenli 2003 


0 


33 


4 


27 


29.6% 


u.uy [u.ui , i .bjj 


Li 2011 


0 


22 


3 


23 


20.5% 


0.15 [0.01, 2.73] 


McCormack2000 


3 


19 


0 


22 


2.8% 


8.05 [0.44, 146.59] 


Putti 2009 


2 


16 


0 


18 


2.8% 


5.59 [0.29, 108.38] 


Raghavendra 2007 


0 


18 


1 


18 


9.0% 


0.33 [0.01, 7.68] 


Singisetti 2010 


0 


25 


1 


20 


9.9% 


0.27 [0.01, 6.27] 


Total (95% CI) 




215 




225 


100.0% 


0.72 [0.35, 1.47] 



Risk Ratio 
M-H. Fixed. 95% CI 



Total events 8 13 

Heterogeneity: Chi 3 = 9.43, df= 3 (P= 0.31); l 3 = 
Test for overall effect: Z= 0.89 (P = 0.37) 



1 5% 



0.005 0.1 1 1 0 200 
Favours IMN Favours DCP 



Figure 6. Forest plot for the risk ratio (RR) estimate for iatrogenic redial nerve injury. RR = 0.72 (95% CI, 0.35-1.47). 
doi:1 0.1 371 /journal. pone.0082075.g006 



of initial conservative treatment. Three studies [2 1,28,29] recruited 
patients with only closed fractures, and 5 studies [8,22,23,25,26] 
included patients with open and closed fractures. Whether the 
fractures were open or closed was not mentioned in two studies 
[24,27]. Antegarde nailing was performed in 8 studies [8,21 — 
24,26,28,29]. Only one study[25] conducted a trial with a locked 
nail that was later changed to a retrograde nail. 

Outcomes analysis 

In all the studies providing comparisons of fracture union 
between IMN and DCP, the pooled RR was -0.96 (95% CI: 
0.90-1.02). There was no significant difference between the groups 
(Fig. 4). Only 3 trials [2 1,25,28] reported the ASES score after the 
operation. There was no statistically significant difference between 
the two groups (WMD=-1.84 95% CI: -3.91-0.22) (Fig. 5). 
Iatrogenic redial nerve injury was reported in all the studies. There 
was no significant difference between the two fixation methods 
(RR = 0.72 95% CI: 0.35-1.47) (Fig. 6). The incidence of 
intraoperative fracture comminution was calculated for 6 studies. 
The available data demonstrated that the incidence of intraoper- 
ative fracture comminution was significantly reduced in the DCP 
groups compared with the IMN groups (RR = 3. 14 95% CI: 1.02- 
9.64) (Fig. 7). The results of the pooled statistical analysis shown in 
Figure 8 showed that the RR of infection was 0.48 (95% CI, 0.19- 
1.24), but there was no statistically significant difference found 
between the groups. From the seven studies reporting shoulder 



impingement, the increased rate for shoulder impingement in the 
IMN group was statistically significant compared with the DCP 
group (RR=7.32 95% CI: 2.64-20.29) (Fig. 9). Fort studies 
reported the number of patients who suffered from a restriction of 
shoulder range of movement. The meta-analysis showed that the 
patients' shoulder movement after DCP treatment was superior to 
the patients after IMN fixation (RR = 9.27 95% CI: 2.22-38.72) 
(Fig. 10). DCP fixation yielded a significantly lower RR of implant 
failure than nailing fixation (RR = 3.23 95% CI: 1.15-9.06) 
(Fig. 11). The incidence of re-operation was significantly lower in 
the DCP group than the IMN group (RR = 2.21 95% CI: 1.28- 
3.81) (Fig. 12). 

Publication bias 

The publication bias test was performed for the overall 
populations by the incidence of radial nerve injury. No significant 
publication bias was shown for the overall populations by the Begg 
rank correlation method (P = 0.107) and Egger weighted regres- 
sion method (P = 0.992). 

Quality of the evidence and recommendation strengths 

Nine outcomes in this meta-analysis were evaluated using the 
GRADE system. The following 4 outcomes were important: 
fracture union, ASES score, radial nerve injury, and intraoperative 
fracture comminution. The evidence quality for each outcome was 
very low (Table 3). We agreed that the overall evidence quality was 





IMN 




DCP 






Risk Ratio 


Studv or Subgroup 


Events 


Total 


Events 


Total 


Weiaht 


M-H. Fixed. 95% CI 


Bolano 1 995 


2 


12 


0 


13 


12.5% 


5.33 [0.28, 101.96] 


Chapman 2000 


1 


38 


1 


46 


23.6% 


1.21 [0.08,1 8.72] 


McCorrnack 2000 


2 


19 


1 


22 


24.1% 


2.32 [0.23, 23.58] 


Putti 2009 


1 


16 


0 


18 


12.3% 


3.35 [0.15,76.93] 


Raghavendra 2007 


1 


18 


0 


18 


13.0% 


3.00 [0.13, 69.09] 


Singisetti 201 0 


3 


25 


0 


20 


14.4% 


5.65 [0.31 ,103.46] 


Total (95% CI) 




128 




137 


100.0% 


3.14 [1.02, 9.64] 


Total events 


10 




2 








Heterogeneity: Chi = = 


0.32, df= 


5(P = 


0.98); l a = 


0% 






Test for overall effect: Z = 2.00 (P = 0.05) 









Risk Ratio 
M-H. Fixed. 95% CI 



0.01 0.1 1 10 100 

Favours IMN Favours DCP 



Figure 7. Forest plot for the risk ratio (RR) estimate for the rate of intraoperative fracture comminution. RR = 3.14 (95% CI, 1.02-9.64). 
doi:1 0.1 371 /journal. pone.0082075.g007 
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Studv or Suburoup 


IMN 

Events 


Total 


DCP 
Events 


Total 


Weiaht 


Risk Ratio 
M-H. Fixed. 95% CI 


Senegas 2007 


0 


11 


0 


14 




Not estimable 


Changulani 2007 


1 


23 


5 


24 


38.6% 


0.21 [0.03, 1.65] 


Chapman 2000 


0 
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3 


46 


25.1% 


0.17 [0.01, 3.23] 


Kesernenli 2003 


0 


33 


0 


27 




Not estimable 


Li 2011 


0 


22 


0 
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Not estimable 


McCormack 2000 
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22 
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Putti 2009 


0 


16 
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18 
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0.37 [0.02, 8.55] 


Raghavendra 2007 
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18 
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3.9% 


3.00 [0.13, 69.09] 


Singisetti 2010 


1 


25 
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0.40 [0.04, 4.10] 


Total (95% CI) 




205 




212 


100.0% 


0.48 [0.19, 1.24] 
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4 




11 








Heterogeneity: Chi 3 = 


3.96, df = 


5(P = 


0.55); l= = 


0% 
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Test for overall effect: Z= 1.52 (P= 0.13) 
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Figure 8. Forest plot for the risk ratio (RR) estimate for infection. RR = 0.48 (95% CI, 0.19-1.24). 
doi:1 0.1 371 /journal. pone.0082075.g008 



very low. This finding may lower the confidence in any 
recommendations . 

Discussion 

Fractures of the humeral shaft are common and result in a 
significant burden to society [1]. Surgical treatment is generally 
accepted for open fractures, polytrauma patients, ipsilateral 
humeral shaft and forearm fractures, and cases in which there is 
a failure to maintain alignment in a functional status [5]. Recent 
advances in internal fixation have improved the surgical outcomes 
[23,29-31]. IMN and DCP are alternatives in the treatment of 
patients with humeral shaft fracture, with each method resulting in 
relatively high union rates [3,5]. Several published studies have 
demonstrated that IMN and DCP improve the preoperative 
clinical status, but it is not clear which of these two interventions 
provides better outcomes. In 2011, a Cochrane systematic 
review [3 2] was published, which indicated that IMN was 
associated with an increased risk of shoulder impingement and a 
related increase in the restriction of shoulder movement and need 
for removal of the metalwork. Ouyang et al. [33] updated a meta- 
analysis and reported that both implants could achieve a similar 
treatment effect on humeral shaft fractures. There has been no 
consensus regarding whether DCP is an optimal operation 
compared with IMN. There have been no guidelines or 
recommendations for surgically treating humeral shaft fractures. 
There is a need for an evidence base to help surgeons make clinical 



decisions and develop optimal surgical treatments. To the best of 
our knowledge, this study is the first meta-analysis that uses the 
GRADE system to evaluate the quality of the evidence comparing 
the IMN and DCP treatments for humeral shaft fractures. 

Although Kurup et al.[32] conducted a Cochrane systematic 
review, only five studies were included, which may lower the 
reliability and stability of the pooled results. Ouyang et al.[33] 
performed an updated meta-analysis but did not compare the 
functional outcomes between IMN and DCP. The two previous 
meta-analyses did not use the GRADE system to assess the quality 
of the current evidence. The quality of evidence may help the 
clinicians to guide their decisions and help medical policy makers 
to make recommendations. Rating the quality of evidence by 
GRADE was introduced in the present meta-analysis. 

The methodological quality assessment identified a number of 
limitations to the current evidence base. (1) The majority of the 
RCTs had insufficient information on the randomization methods. 
Only three included studies used sealed envelopes for allocation 
concealment. The patients of the two quasi-RCTs were randomly 
allocated by an incorrect randomization method, namely by odd 
and even hospital numbers. These methods permitted selection 
and allocation bias. None of the included studies reported blinding 
of the surgeons, participants or assessors, allowing for assessor and 
expectation bias and the potential for type II statistical errors 
regarding these outcomes. The efficacy of the statistics could be 
improved in the future by including more RCTs. The studies with 
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12 
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13 
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24 
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5.76 [0.31, 1 06.96] 


McCormack2000 
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19 
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22 


24.1% 


6.95 [0.92, 52.69] 


Putti 2009 
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16 
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18 


12.3% 


3.35 [0.1 5, 76.93] 


Raghavendra 2007 
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18 
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18 


13.0% 


5.00 [0.26, 97.37] 


Total (95% CI) 




157 




168 


100.0% 


7.32 [2.64, 20.29] 


Total events 


24 
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Test for overall effect: 


Z = 3.G2 (P = 0.0001) 
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Figure 9. Forest plot for the risk ratio (RR) estimate for shoulder impingement. RR = 7.32 (95% CI, 2.64-20.29). 
doi:10.1371/journal.pone.0082075.g009 
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95 



14 
24 
46 

20 



Total (95% CI) 

Total events 1 5 0 

Heterogeneity: Chi= = 0.32, df= 3 (P = 0.96); l== 0% 
Test for overall effect: Z = 3.05 (P = 0.002) 



23.2% 
24.4% 
23.6% 
28.8% 



6.25 [0.33, 11 8.22] 
10.23 [0.58, 1 79.48] 
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5.65 [0.31, 1 03.46] 
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Figure 10. Forest plot for the risk ratio (RR) estimate for the incidence of restriction of shoulder range of movement. RR = 9.27 (95% 
CI, 2.22-38.72). 

doi:1 0.1 371 /journal.pone.0082075.g01 0 



Study or Subgroup 


IMN 

Events 


Total 


DCP 
Events 


Total 


UVeiaht 


Risk Ratio 
M-H. Fixed. 96% CI 


Bolano 1995 


2 


12 


0 


13 


11.0% 


5.38 [0.28, 1 01.96] 


Chapman 2000 


4 
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16 
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11 
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Z= 2.23 (P = 0.03) 
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Figure 11. Forest plot for the risk ratio (RR) estimate for the incidence of implant failure. RR = 3.23 (95% CI, 1.15-9.06). 
doi:10.1371/journal.pone.0082075.g011 



a high risk of bias included in this meta-analysis would 
overestimate the treatment effects. (2) Although RGTs or quasi- 
RCTs were performed, the relatively small number of participants 
restricted the statistical power. (3) The long-term follow-up results 
may change the current conclusions. (4) Clinical heterogeneity 
may be caused by the preexisting conditions of the patients, 
various indications for surgeries, the experience level of the 
orthopedic surgeons, fracture type, medical commodities, smoking 
and the age of fractures (acute or nonrecent fractures). The above 
confounding factors might have an impact on the present 
outcomes. (5) Meta-analyses are subject to bias and provide 



inappropriate estimates for the effect of treatment when compared 
to successive large RCTs [34]. It is important to remember that 
publication bias may exist because the negative results are less 
likely to be published. While the results of this meta-analysis 
should be considered appropriate, these methodological defects 
should be considered when interpreting the findings. 

All of the included studies conducted comparisons between 
IMN and DCP in treating humeral shaft fractures, but no study 
provided conclusive evidence in favor of either surgical approach. 
The pooled data for fracture unions did not result in significant 
findings favoring one of the two implants. IMN provides 
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Figure 12. Forest plot for the risk ratio (RR) estimate for the incidence of re-operation. RR = 2.21 (95% CI, 1.28-3.81). 
doi:1 0.1 371 /journal.pone.0082075.g01 2 
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acceptable micromotion at the fracture site, which promotes 
fracture healing, but the effects of reaming may exert an influence 
on the blood supplying at the fracture site. DCP could offer an 
accurate reduction, which may promote fracture healing. IMN 
could achieve a comparable fracture union rate to DCP fixation. 
The timing of delayed union or nonunion varied in the studies of 
the present meta-analysis, which may increase the risk of bias of 
the pooled results. A unified timing of fracture union is required in 
future studies. 

Regarding the ASES score, though there was a trend favoring 
DCP, the present meta-analysis found no statistically significant 
differences between the two interventions. There was not enough 
evidence to determine the ASES score between the two groups 
because only three studies were included in the present meta- 
analysis. The statistical power may be lower because of the small 
sample size. 

In respect to iatrogenic radial nerve injury, the difference 
between the two groups was not statistically significant. The open 
reduction and internal fixation of humeral shaft fractures can be 
performed through a variety of approaches. The anterolateral 
approach is useful for the exposure of fractures involving the 
proximal and middle thirds of the humeral shaft. The benefits of 
this approach include its extensile nature and avoidance of the 
radial nerve. A posterior approach may be better suited for 
fractures extending between the olecranon fossa and the distal 
middle-third of the humerus. This approach accommodates very 
distal plating of the humerus along the posterolateral column, 
where additional fixation into the posterior capitellum is critical for 
the stability of the distal segment. The anteromedial approach may 
be of benefit because of the direct access it provides to the radial 
nerve. The selection of a surgical approach by the surgeons is 
determined by his or her experience and the location of fractures. 
In both approaches, the radial nerve must be dissected and 
identified to avoid iatrogenic injury from either cutting it during 
exposure or plating over it during fracture fixation. A detailed 
description of the approach in each patient cannot be obtained 
from the individual studies. The incidence of radial nerve injury by 
DCP fixation was affected by the above confounding factors. In 
the IMN procedure, the iatrogenic stretching of the radial nerve 
during ante grade nailing with the use of a mallet might account 
for the iatrogenic radial nerve injury. IMN was comparable to 
DCP in iatrogenic radial nerve palsies, but the fact that IMN has 
the advantage of preventing exposure and soft-tissue stripping 
might make this method preferable over DCP fixation for 
surgeons. 

Regarding iatrogenic fracture comminution, the pooled results 
showed that DCP was superior to IMN. For the distal third of the 
humeral shaft, retrograde nailing is indicated only in patients with 
a wide medullary canal. It is critical to create a sufficiently large 
entry portal and to perform careful introduction to avoid 
supracondylar or other additional fractures. [9] Fracture healing 
would not be affected even if additional comminution occurs at the 
fracture site. [10] The included studies with ante grade nailing and 
retrograde nailing were combined in the present analysis without 
subgroup analysis, which might introduce selection bias to the 
study. 

Regarding the risk of infection, the impairment of the blood 
supply and wide exposure may increase the risk of infection with 
DCP, especially in the middle and distal parts of the humeral shaft. 
Minimally invasive plating osteosynthesis, as a minimal invasive 
and limited dissection technique, has recently been used to protect 
the blood supply at the fracture site [35,36]. The drawbacks of this 
method, such as difficulty in achieving closed reduction and 
intraoperative nerve injury, limit its application in clinical practice. 
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In the IMN groups, a risk of infection might be introduced by 
reaming which may lead to an impairment of blood supply of the 
medial cortex. The injury severity, patient selection, and 
postoperative rehabilitation may exert influence on the stability 
of the pooled results. 

The meta-analysis showed that DCP is superior to IMN 
regarding shoulder impingement and restriction of the shoulder 
range of motion. In patients with humeral shaft fracture who 
underwent IMN, shoulder impingement was caused by a 
prominent nail, and the restriction of the shoulder range of 
motion was caused by scar tissue and/or damage to the rotator 
cuff in its critical zone of hypo vascularity creating chronic tendon 
tearing. Several studies have investigated different approaches to 
improve the outcomes by avoiding the avascular zone of the 
rotator cuff. These studies reported that careful repair of the 
tendon after nail insertion may provide better outcomes and less 
morbidity [37,38]. 

In the respect to implant failure and the re-operation rates, the 
pooled results showed that DCP was superior to IMN. In the DCP 
groups, the rotation force and shear force were unable to pass 
through the fracture site, which led to higher stress concentrations 
on the implant. In the IMN groups, implant failure usually 
occurred due to breakage of the nail at the site of the distal or 
proximal locking screw. This complication was frequently 
associated with patient rehabilitation after fixation. The plans 
and methods for postoperative rehabilitation should be formulated 
by the radiographic evaluation of healing, which may lower the 
risk of implant failure. The re-operation rate was an overall 
outcome because the presence of complications such as infection, 
implant failure, restriction of joint motion, nonunion, or delay 
union usually necessitates a re-operation such as implant exchange 
or implant removal to achieve refixation or functional recovery. 
The indications for re-operation for certain complications 
remained inconclusive [39,40]. The different indications for re- 
operation among the individual studies may pose a potential bias 
with regard to the pooled results. 

In the GRADE system of rating the quality of evidence, each 
RCT began as high quality evidence but was rated down by five 
categories of limitations. The method of random sequence 
generation was not stated in most of trials, and insufficient details 
were provided to confirm adequate concealment of allocation. 
Variation in the timing of follow-up was a potential source of bias, 
and an intention-to-treat analysis was not confirmed in any of the 
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